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Abstract

This study presents an integrated technical framework addressing three core challenges in lunar surface
laboratory construction: pressure vessel engineering, energy systems, and mobility solutions. Through
adequate research and development and experimentation, we establish three revolutionary breakthroughs
for extraterrestrial habitation.

(1)Composite Pressure System Innovation: Lunar fiber-reinforced composites demonstrate superior
performance with 1.6 specific gravity, 1002 MPa tensile strength, and 0.4 W/m·K thermal conductiv-
ity, outperforming conventional materials by 42-65 percent in radiation shielding and thermal stability.
Filament-wound spherical buoys achieve 75 PSI pressure maintenance with 370kg mass efficiency, vali-
dated by Lloyd’s Register certification for -196C cryogenic applications.

(2)Hydrogen Energy Ecosystem: Our URFC (Unitized Regenerative Fuel Cell) system achieves 50
percent cost reduction and 50 percent efficiency improvement through novel bifunctional catalysts. Acidic
conditions: Ru/WO nanowires exhibit 10 mA/cm@13mV HER overpotential. Alkaline environment:
CoRuPt/PNC demonstrates 11.5 mass activity vs commercial Pt/C in HOR. Liquid hydrogen storage
system achieves 33,500 Wh/kg energy density, enabling 3.6 MWh lunar night survival with 107kg payload
versus 12 tons lithium alternatives.

(3)Autonomous Mobility Architecture: Modular chassis reduces mass by 90 percent (10kg vs 1,000kg
conventional). Oval-wheeled lunar rover achieves 250mm obstacle clearance through adaptive mesh tires.
Pure vision neural network slashes navigation hardware costs by 50 percent with 220 FOV perception
Technical validation includes. 35 percent improvement in hydrogen tank wrapping efficiency via multi-
angle winding (31km fiber/unit). 829 MPa average tensile strength in lunar fiber prototypes. 65 percent
faster emergency response through embedded human-machine decision protocols.

This tripartite system establishes new evaluation metrics spanning four dimensions: environmen-
tal tolerance (T=300C adaptability), operational sustainability (98.5 percent ISRU utilization), cultural
continuity (terrestrial wisdom encoding), and economic viability (3M dollars/120m modular units). Our
Moon-Urbanization Index demonstrates 7.8 improvement over Artemis Basecamp concepts in mass-energy
efficiency, charting a viable path for permanent lunar settlement through material-energetic-mechanical
systems coevolution.
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